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S UM MAR Y

Tests w_r_ cond,_.ct_d in the prop_ll_r-r_s_srch tun-

n_l of th_ Langl_y M_m_vi_.l Ae.rons.uticai Laboratory to

d_t_-_rmin_ th_ chsract_-ristics at low tlad,-_ angi_s of pro-

p_ll,_rs f_r which d:_,.ta at high blade, angl_ ,_r_ alr,_dy.

availe.bl_. In aSditi_n to the- Icv;-b]ado-angl,_ rosults

th,_re er_ included deta on two- and thr_,_-i:,lad(_ prop_ll_r_

of th_ sam_ bls_, _ d,_sign, which h_v_ n_t -:_e_n puhlJsh,-d

and which ccv_-r a rang_ of _lad_ _nul_s from SO o to C5 °

A chart lists th_ NACA r_pcrts in which dats "n

r_lat_d t_sts of t,h_ sam_ _,lad_, d_sign m_y b_ found.

INTRODUCT IO_T

With th_ advent _f high alt]tud_ _,irplsn_s, _p_r_:tlon

of _ro_ll_.rs _t low ] lad_ _,nglos h_com._s n.-c_ss<:r.v fc.r

th_ tak,_-cff condition. R_sults of t_sts st h!aS_ _ngl_s

applicabl_ to this condition ar_ presented h_r._n. !nes-

mu.ch r.s th_ t_ts u_r,_ mad_ ..'-tl_w ap,_,d_, th._ _ff_cts cf

compr_s_i?,ility cJ'o.id n=t I._ m_-asur_8. K_f_r_nc_ !, ho',_,-

._v_r, pr,¢_nts r_sul, ts f_r prop.-,ll_r,_ _m!,',dying s=v_-r.'-_l

s_ctlon_ _t high tip sFe,_ds with lcw blad_ sngl_s an,'] _!s_

Dr_s,-nts _. m_th_d of c:_rr_cting prop._ll_r charactori_,tias

for compr_ssitility _ff.o.cts at tip sp_-_ds b_l-,w 0.9 the.

Sp_d _f s_un{_. In th_ r_st_Its r_port_.d in r_f,-r_nc_s 2,

Z, and 4, charts ar,_ presented of date on singio- ._,n,_,

dual-rJ_tating pro!o_ll,_rs ,_f different number of bled_s.

Th_o charts included r_sults for bled_ angl_s fencing

from _O o to 65 0 Th_ data pr_s_nt_-d h_r_in _xt,_nd th_

r_sults to includ_ %!ad_ angl_s ,-_f I0 ° and !5 °,

Boc_uz_. a part of th_ data for two- and. thrc, o-blad_.



pr_p._ll:rs has n_t provi_,usly b_en pu_clished, all such
data _r_ inclu_!od in this r_port.

A?_PARATUSAND MZTHODS

The t,_sts w_ro mad_ with th_ t_st s_tup us_,d in l-_r._-.-
virus, dual-r :,t_tlng prnp_ll_r inv_stigati-,ns ia th_

pr_p_,l].,_r-r_s_:_rch tunn_l (r_f,_r_nc_ 2). A ph)t(_<raph

and a dim_nsion,_d 4r._wing cf th_ t_st sptup sr_ shown in

f_Tur_s I _.nd 2. A symmetrical win_i was m,-_unt._d in th_

slipstre:_'-_ f-_r all the t_sts rxc_pt thes_ :f the tw:_-hladn

prop_il_r at blade angles ranging: fr_l,: 20 o to 65 ° . Th_

cv_r--_ll l_ngth _f th_ spinner was 5 inch_s f:r_at_r f_r
the i0 _ an,_ ]5 :_ -_la(l_--angle t,-sts than f,-_r th_ t,-_sts at

high,_r tl,_,...,, an.:'i_. , .

Th_ pr_p_llnr blab,des w_ro of Hamilt-n-Standard design

desi,_n_t_-d 3155-6 (richt hand) and 3156--6 (l_ft hand),

Th,- plan-form and the Llad_-forr:, curves er_. giv._n in fi_-

ur_ 3,

F¢,r th_ six- and _ight-bl,_d_ singl_-- and dual-r_t_t-

ing pr>p-i]_rs and f_r the f-,ur-_lade dual-rotating< pr,:,-

p_ll_rs, th_ blades w_r_ ,_untod in separat_ hubs spaced

15 inch_s. F<,r th_ two-, thr,_-, snd f_ur-_lade singl_-

r_tatin_. _ ]_r _po].lers , h_w_v_r , t]:_ _iados w._r_ mounted in

tho r,o:_r hu} f'_r the l-,w t.lade :_ngi_ t_sts F-,r the

sin_-l_--rot_ti-_n t_st_, th_ front %lad_s led th_ r_ar blades

by 75.0 "_ f-_r th_ six-blade pr_p_ll_r ,_nd ty 52.5' for the

eight-'[_lade pr-,p_ll_r.

In crd,-r t_ facilitate r_adin_ values from th_ charts,

th_ t_st p_int_ hav_ t_n 0mittod fr,m most of t}i_ curves.

Th_ ,_on_ral acc_racy _f th_ fairings _ in?icat_d, h-,w_v_r,

l'y the plotted p:ints f_r the, 15 ° curves ,_,ff ig_Ir_ 4. The

t_st limit:_ti,:ns _f tunn_l sT_d (ii0 mph) and pr:p_].l_r

rotr-ti',nal spo_d (550 rpm) r_su!ted in a tip s])ood b_l-w

300 fo_t p,_r s_c'_n_ and n_ _ffocts c,f c_mpr_ssii;_ility would
thereof or_ be _x_,ct_,1.

In a few pro]_imins, ry ,_ual-rntati-n tosts at blade

s_ttin,<s _.f I0 ° and 15 c', s_ttin-; th_ front c n_ r_ar blades

at th_ sam:_ angl_ was f,'.und t:: r_sult in n_rly _qual p_wor

abs;,r_tion at p_k efficiency f,-,r each c_mp,-,n_nt. Th_

front an_ roar blades w_r,_ c,-ns_quently s_t at th_ sam_-

blade ang]_ f_,r th_ _ntir_ s_ri_s of l_w _lad_-angl_ t_sts.



RESULTS
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Th_ r_sults sre pr_s_nt_8 in th_ usual n_nd. im_nsional

fr,rm :.f thrust Co_fficJ._nt, p_w_or c_ffici_nt , _..nS.pr',pul-

siv._ _ffici_ncy,

eff_ctiv_ thrust
C T =

pn2D 4

P

Cp - 3D 5
pn

CT V

II = _-p nD

P p:w_r abs.-,r!:,ed by prop_ll_r, foct-p-,un_.s p_r s._c.:nd

V _.ir_p_ed, fe_t p_r s_-c,znd

n _,r_,p_ll_,r ro_,._i,,nal spo.d, r_v,',luti-,ns p_r soc,,.nd

D _r:,p,_ll:_r dlam_,tpr , _..et

p mass d_nsity _,f th_ air, slugs p_r cubic f<,_.t

8F fr.cnt blaa,_ ani'l_ st O,V5R, d_.ur6_s

_R re_r bl_d_ _n_-l_ at C,?5R, _,-jro,-_s

CPF D,,w_r--co,_ffici,_nt f_'r fr::,nt prop_ll_r

CPR p.:_w_r-c,,_ffici_nt for r_'_r pr_p_ll_r

Th_ _ff_ctiv_ thrust is th_ mec.sur_d thrust _f th_

._rop_l!_r-L,,-,dy c',mbination plus th_ _rag ,f th_ }ody.. :l#as--

ur_d without a prcp_ll_r,

T.h_ fi_<ur_s givin_ th_ i?rop(_ll_r cha.ract,_ristics ar_

!ist_d in th_ f_!l_,wing t_.b]._:
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N<, ctt_m-_t has !_._n m_d_ t.<, Urcs_nt c:_mp_ris_ns l<.e,-

two._ n clu_l #n_ singl_, r:,tati-n at th._ low ]:la(l_ an_:i].os

sine, _ :_-_ a_-:_r_ci.::d.le <aln in thrust fr',m du_:.i rot-_tic, n

wor. l? b_ ,_xooctod. Curves _f r,r_}.)oll_r char_ct_ristics
at _l_.d, _ _n,-'l_-s of 20 _ (fr_,.n r:f_r_nc_s 2 an<_ 4) hav_. l':,on

included with th_ IC '-_an_ 15 _ curves whonev_r th_ c_ta

w_re avaJ. lr,bl_ _n -,r,_r to _:_iv_ a cl_ar_r pictur_ _*,f th_

relation _-f th_ i0 __ an8 15 ° _.lad_-an_.7!_ data to th_ ar-ta

f_r th_ h_.'h_r Llad_ an_?l_._.

-- _d " ot _,_It sh,_u± c,_ n • that t,h_ p_wer--c_',affic_ent curv_

f_r t},._ s_x-_:]sd_, sin_:l_--r_,t, etin_< pr.'p_!l-_r _t 15" }-l-_d_

rzngle has be"n :_btained Yy cr,ss-f_irin_- sinc_ th_ t,_st

curve ap]-e%rod t > !:e ill ,_rr ,:-,r.

Table I is furnlsh_d f:-_r t,h_ ];urp:,s_ ,-_fre].o.t_ng the

])r_s_nt ]5,r-.cr_:._;_with u,r,-_vicus work in which th_ same iso<_y

list_ _ th ,_ im_srfiant t-_ot c:n_.iti,_ns

.._ _._. m:.r!al _._r<n_,utical Labc, r_:tory ,

Nati:-.nal A_vis.:ry C.m.r:_itte ._ f,,r AoronAutics,

L:_n_;ley _'_]e14 , Vc.
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B used when a = 15 in.
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(I block = i0 diviQiou8 on i/3_ Arch. scale)

FIGUR[ _. - PROPELLER CHARACTERISTICS AT LOW
BLADE ANGLES. TIO-GLADE PROPELLER

IN REAR HUB,

FleURE _. " _ROPELLER CHARACTERISTICS AT LOI

G_A0_ ANG_Ee THREE-BLADE PROPELLER

IN REAR HUB,
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Figure 6.- Oropeller characteristics

at low blade angles. Four-

blade single-rotating propeller in
rear hub.
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Figure 9.- Propeller characteristics Figure I0.- Propeller charac_erisfiics

at low blade angles. Six- at low blade angles. Six-

blade single-rofia_ing propeller, blade dual-rotating propeller.
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blade dual-rotating propeller. Eight-blade single-rotating propeller,
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